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GOAL: Provide geospatially explicit, 
consistent estimates of aboveground 
terrestrial vegetation biomass and carbon 
storage for the U.S. by combining advanced 
satellite products with ground observations 
and to evaluate the nation’s need for 
monitoring carbon storage.  

RESULTS:  
1. A National Carbon Calculator has been  
developed and is under evaluation in 
California and northeastern states. 
2. Analysis of USDA forest inventory data 
(FIA) over California indicate that a 
combination of L-band radar backscatter, 
forest height derived from SRTM and ground 
elevation explains greater than 60% of the 
variability of vegetation biomass. 
3. Largest source of uncertainty in regional 
estimates of forest carbon is sampling 
density of ground or lidar measurements of 
forest structure. 
4.  First carbon storage map of the US 
produced by using ICESAT GLAS lidar, 
MODIS, QSCAT, SRTM data at 1km. 

NASA/ARC 
MODIS LAI 

LHH,  
LHV,  
LHH-LHV 

ALOS  
L-band Mosiac 

CMS-National Carbon Calculator 

Pixel-level Uncertainty 
+ 

! 

"AGB = "measurement
2 +"allomerty

2 +"sampling
2 +" prediction

2

California Forest 
Carbon Stock 

CMS National Forest Carbon Stock 
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RMSE at Various Scales  
FIA Plot  55 Mg/ha 
EMAP Hex  19 Mg/ha 
County  14 Mg/ha 
State  12 Mg/ha  

Biomass Mapping from 
RS Data Fusion 
(InSAR/Optical with 
Forest Inventory (FIA) 
Data 

Kellndorfer et al., 2011 



Different NASA satellites including more 
than 3 million ICESAT GLAS Lidar 
measurements of forest height are used to 
create the most precise map depicting 
where -- and how much -- carbon is stored 
in Earth's tropical forests. The high-
resolution map is expected to provide a 
baseline for ongoing carbon monitoring and 
research, and serve as a useful resource for 
managing the greenhouse gas carbon 
dioxide.  + 
Highlights: 
1. The map shows that in the early 2000s, 
forests in the 75 tropical countries studied 
contained 247 billion tons of carbon or an 
equivalent of 900 billion tons of carbon 
dioxide. For perspective, about 35 billion 
tons of carbon dioxide is released to the 
atmosphere annually as a result of human 
activities.  
2. Forests in Latin America hold 49 percent 
of the carbon in tropical forests. For 
example, Brazil's carbon stock alone, at 61 
billion tons, almost equals all of the carbon 
stock in sub-Saharan Africa, at 62 billion 
tons.  

A Satellite and in situ Observations 
integrated in spatial carbon estimator More than 3 million Lidar Shots 

converted to forest biomass 

Carbon Map 

Carbon Uncertainty Map 



d*)>?;;$e$f6$C,gF?D$d*)>?;;$e$hi$C,gF?D$d*)>?;;$e$46M$C,gF?D$

%)'=)-?,.5$@*.=5$/.?;3:.>.+,;$

Baccini et al., 2011 



Pantropical Forest Carbon Mapped with 
Satellite and Field Observations 

(500m resolution) 
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Baccini et al., 2011 
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LiDAR 
“Light Detection and Ranging” 

Courtesy G.Asner 
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!  1 Tg = 1 million metric tons 

!  Carbon emissions from forest disturbance average 47% of deforestation. 

Courtesy G.Asner 
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The Forest Carbon Tracking task is organized under the GEO 2009-2011 task plan CL-09-03b 
Complements other GEO Tasks related to Forests and Biodiversity Assessment 
http://www.geo-fct.org 





http://www.usaid.gov/climatechangeweek/docs/silvacarbon_factsheet.pdf 
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Source: T. Freeman 
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Validation  
New technologies are 
now emerging that allow 
routine measurement of 
phytoplankton biomass 
for the first evaluation/ 
validation of satellite 
products  

C
ar

bo
n What?  NASA funded research is now providing 

new global fields of phytoplankton carbon stocks 
and new field approaches for validating these 
carbon products.   

Significance:  The validated carbon products allow 
tracking of regional changes in a key ecosystem 
property and, when combined with simultaneous 
retrievals of chlorophyll, improved assessments of 
change in ecosystem physiology and productivity. 

Future:  Advanced ocean color sensors, such as 
envisioned for the ACE mission, will expand the 
spectral measurement range into the ultraviolet and 
provide higher spectral resolution to address current 
uncertainties  in ocean ecosystem retrievals to yield 
more accurate assessments of phytoplankton 
biomass and productivity 

Courtesy M. Behrenfeld 



Courtesy C. Miller 



Courtesy C. Miller 
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NASA’s contribution to C monitoring with sensors, science, and capacity building 
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